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SEMICONDUCTOR DEVICE 
AND 

CHIP-STACK SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 
The present invention relates to semiconductor 
devices including a chip with through electrodes and also 
to chip-stack semiconductor devices incorporating such 
semiconductor chips vertically stacked on top of each other, 
for improved functionality, compactness, and reduced 
thickness. 

BACKGROUND OF THE INVENTION 
CSP (Chip Size Package) semiconductor devices have 
been popularly used to meet the demand for compact 
electronics and automated manufacturing processes. 

Figure 11 shows the cross-sectional structure of a 
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conventional CSP semiconductor device 100 as an example. 
The CSP semiconductor device 100 has gold wires 103 
extending from electrode pads 102 formed along the 
periphery of a semiconductor chip 101. Through the gold 
wires 103, the semiconductor chip 101 is electrically 
connected to an interposer substrate, or circuit board, 104. 
The CSP semiconductor device 100 has also external lead 
electrodes 105 formed on the back of the interposer 
substrate 104, via which electrodes 105 the interposer 
substrate 104 is connected to an external device (not 
shown in the figure). 

The wire bonding by means of the gold wires 103 
electrically connects the electrode pads 102 on the 
semiconductor chip 101 to the interposer substrate 104. 
The gold wires 103 add an extra height to the device 100. 
They also need be sealed by molding resin 106 for 
protection. These factors present difficulties in reducing 
the thickness of the CSP semiconductor device 100. 

FCB (Flip Chip Bonding) semiconductor devices like 
the one shown in Figure 12(a) and those with through 
electrodes like the one shown in Figure 12(b) offer 
solutions to these problems. These types of CSP 
semiconductor devices eliminate the need for wires, thereby 
allowing for thinner devices. 

In the FCB semiconductor device 200 in Figure 12(a), 
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a semiconductor chip 201 is electrically connected to 
contact pads 205 on an interposer substrate 204 via 
protrusion electrodes 203 formed on electrode pads 202. 
The semiconductor chip 201 is positioned so that its 
surface 206 on which circuitry is formed is opposite to the 
interposer substrate 204. Sealing resin 207 resides 
between the surface 206 and the interposer substrate 204 
to provide protection to the semiconductor chip 201 and 
the connecting parts. 

In the semiconductor device 210 in Figure 12(b) where 
electrical connections are provided by means of through 
electrodes, protrusion electrodes 215 electrically connect 
through electrodes 212 formed on a semiconductor chip 
211 to contact pads 214 formed on an interposer substrate 
213. Sealing resin 216 may be injected for sealing between 
the semiconductor chip 211 and the interposer substrate 
213 if necessary; when this is the case, circuitry is formed 
on the upper surface 217 of the semiconductor chip 211. 

Japanese Published Unexamined Patent Application 
10-223833 (Tokukaihei 10-223833/1998; published on 
August 21, 1998), Japanese Patent 3186941 (issued on 
May 11, 2001), US Patent 6,184,060 (Date of patent: 
February 6, 2001), and other recent documents disclose 
proposed multi-chip semiconductor devices in which the 
foregoing semiconductor device includes film carrier 



- 4 - 

semiconductor modules which are stacked vertically on top 
of each other and connected electrically for greater 
packaging efficiency. 

Referring to Figure 13, a multi-chip semiconductor 
device 300 described in Tokukaihei 10-223833/1998 
includes three chips 301a, 301b, 301c stacked sequentially 
upwards from bottom. Each chip 301a, 301b, 301c is 
principally made up of a silicon substrate 302 carrying 
integrated devices; wiring layers 303 connecting the 
integrated devices in a predetermined pattern; through 
electrodes (connection plugs) 306 provided inside through 
holes 305 extending through the silicon substrate 302 and 
an interlayer insulating film 304 for the wiring layers 303 
to electrically connect the chips 301a, 301b to the chips 
301b, 301c; and an opening insulating film 307. The 
through electrodes 306 provide external connection 
terminals for grounding and power and various signal 
supplies, and are formed in accordance with uses for each 
chip 301a, 301b, 301c. The back of the silicon substrate 
302, except for the openings for the through electrodes 306, 
is covered with a back insulating film 308. 

Through the wiring layers 303 on the chip 301a, 301b, 
301c are there provided electrode pads 309 electrically 
connected to the metal plugs 306. The through electrode 
306 for the chip 301a is connected to the through electrode 
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306 for the chip 301b via an electrode pad 309 and a solder 
bump 310; meanwhile, the through electrode 306 for the 
chip 301b is connected to the through electrode 306 for the 
semiconductor device 301c via another electrode pad 309 
and another solder bump 310. 

Thus, the chips 301a, 301b, 301c are electrically 
connected with each other, offering a chip-stack 
semiconductor device. 

In the conventional chip-stack semiconductor device, 
the terminal for the same signal is disposed at the same 
position on every chip, to provide electrical connections 
between the vertically stacked chips. 

However, in the conventional chip-stack 
semiconductor device with through electrodes, all the 
through electrodes have equal cross-sectional areas of 
which the value is determined disregarding the functions of 
the through electrodes: e.g., the ground and power supply 
terminals have equal cross-sectional areas to those of the 
signal terminals despite the former conducting greater 
electric current than the latter. This raises problems that 
those terminals which need pass great electric current may 
heat up, delay signals, or develop other undesirable 
phenomena. 

Further, in stacking chips with through electrodes, a 
chip adds an extra length to the through electrode 
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connecting the top and the bottom chips. The extra length 
of the electrode translates into an extra resistance, 
resulting in voltage drop, heating, delay, and loss. 

Further, the through electrodes vary greatly in 
interconnect line length, hence in resistance. 

SUMMARY OF THE INVENTION 
The present invention has an objective to offer a 
semiconductor device and a chip-stack semiconductor 
device which are capable of preventing the electrodes' 
resistance from developing excessive voltage drop, heat, 
delay, and loss and also from varying from one electrode to 
the other. 

In order to achieve the objective, a semiconductor 
device in accordance with the present invention includes 
multiple through electrodes in a semiconductor chip 
linking a front surface to a back surface thereof, wherein 
the through electrodes have mutually differing 

cross-sectional areas. 

According to the invention, the multiple through 
electrodes have mutually differing cross-sectional areas; 
increasing the cross-sectional areas of the through 
electrodes for terminals required to conduct large electric 
current reduces the resistance of the through electrodes 
and alleviates heating, signal delay, etc. 
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Therefore, a semiconductor device can be provided 
which is capable of preventing the resistance of the 
through electrodes from developing excessive voltage drop, 
heat, delay, and loss, and also from varying from one 
electrode to the other. 

A chip-stack semiconductor device in accordance with 
the present invention includes a plurality of such 
semiconductor chips being stacked. 

According to the invention, the above-described 
semiconductor chips are stacked on top of each other. The 
area of the through electrodes required to make 
interconnects over an extended length can be increased in 
accordance with that length. This reduces the resistance of 
the electrodes and alleviates voltage drop, heat, delay, and 
loss. Variations in resistance between terminals can also 
be reduced. 

In addition, designating some of the through 
electrodes as non-contact through electrodes not 
electrically connected to the semiconductor chips allows a 
current to flow all the way from the top chip to the bottom 
chip. 

Additional objects, advantages and novel features of 
the invention will be set forth in part in the description 
which follows, and in part will become apparent to those 
skilled in the art upon examination of the following or may 
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be learned by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1(a) is a plan view illustrating an embodiment 
of a semiconductor device according to the present 
invention, and Figure 1(b) is a cross-sectional view of the 
semiconductor device along line A-A. 

Figure 2 is a cross-sectional view illustrating a 
semiconductor device mounted on an interposer substrate. 

Figure 3 is a cross-sectional view illustrating a 
semiconductor device with both a contact through electrode 
and a non-contact through electrode. 

Figures 4(a)-4(d) are cross-sectional views illustrating 
manufacturing steps for the through electrodes in the 
semiconductor device. 

Figures 5(a)-5(d) are cross-sectional views illustrating 
manufacturing steps for the through electrodes in the 
semiconductor device, subsequent to the step in Figure 
4(d). 

Figures 6(a)-6(c) are cross-sectional views illustrating 
manufacturing steps for the through electrodes in the 
semiconductor device, subsequent to the step in Figure 
5(d). 

Figures 7(a)-7(e) are cross-sectional views illustrating 
manufacturing steps for the through electrodes in the 
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semiconductor device, subsequent to the step in Figure 
6(c). 

Figure 8 is a cross-sectional view illustrating a 
semiconductor device with wire bumps being formed on the 
through electrodes. 

Figure 9 is a cross-sectional view illustrating an 
embodiment of a chip-stack semiconductor device in 
accordance with the present invention. 

Figure 10 is a cross-sectional view illustrating 
another embodiment of a chip-stack semiconductor device 
in accordance with the present invention. 

Figure 11 is a cross-sectional view illustrating a 
conventional semiconductor device. 

Figures 12(a), 12(b) are cross-sectional views 
illustrating another conventional semiconductor device. 

Figure 13 is a cross-sectional view illustrating a 
conventional chip-stack semiconductor device. 

DESCRIPTION OF THE EMBODIMENTS 
[Embodiment 1] 

Referring to Figure 1 through Figure 8, the following 
will describe an embodiment according to the present 
invention. 

Figure 1(a) is a plan view illustrating a semiconductor 
device 10 in the present embodiment. A semiconductor chip 
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1 in the semiconductor device 10 has along its periphery 
multiple through electrodes 8 having differing 
cross-sectional areas. The through electrodes 8 are made 
through the semiconductor chip 1. 

As shown in Figures 1(a), 1(b), the through electrodes 
8 are divided into three major types: power-supply through 
electrodes 8a, grounding through electrodes 8b, and 
signal-routing through electrodes 8c. The power-supply 
through electrode 8a and the grounding through electrode 
8b have a different cross-sectional area from that of the 
signal-routing through electrode 8c. More specifically, the 
power-supply through electrode 8a and the grounding 
through electrode 8b have a greater cross-sectional area 
than the signal-routing through electrode 8c. 

Reasons follow: the power-supply through electrode 
8a and the grounding through electrode 8b conduct current 
of a greater value than does the signal-routing through 
electrode 8c; therefore, the power-supply through electrode 
8a and the grounding through electrode 8b conducting 
electric current of a greater value are formed with a greater 
cross-sectional area than the signal-routing through 
electrode 8c conducting electric current of a smaller value. 
In the above example, the power-supply through electrode 
8a is presumed to have an equal cross-sectional area to the 
grounding through electrode 8b. Alternatively, the 
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power-supply through electrode 8a, the grounding through 
electrode 8b, and the signal-routing through electrode 8c 
may have a cross-sectional area which increases with an 
increase in the electric current passing through them. 
Further, in the example, the through electrode 8 is 
presumed to be rectangle. Alternatively, it may be circular 
or take another shape. 

Increasing the area of the through electrode 8 for the 
terminal required to conduct greater electric current as 
discussed in the foregoing lowers the resistance of the 
through electrode 8 and alleviates heating, signal delay, 
etc. 

In the semiconductor device 10, as shown in Figure 2, 
an interconnect pattern extends from a device region (not 
shown in the figure) on the semiconductor chip 1 and 
connects to the through electrodes 8 at electrode pads 7. 
More specifically, in the semiconductor chip 1, numerous 
fine lines (not shown in the figure) extend from the device 
region as an interconnect pattern. The electrode pad 7 
refers to the relatively large electrode terminal disposed on 
the tip of an interconnect pattern along the periphery of 
the semiconductor chip 1 to provide an external electrical 
input/ output to the interconnect pattern. Conventionally, 
wire bonds are provided on the electrode pads 7. 

The through electrode 8 is electrically connected to an 
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external lead electrode 31 on the back of the interposer 
substrate 30. More specifically, external lead electrodes 31 
are formed on the back of the interposer substrate 30. The 
external lead electrodes 31 are electrically connected to 
contact pads 32 on the front surface in via holes (not 
shown in the figure) made through the interposer substrate 
30. The contact pads 32 are provided at the same surface 
positions as the through electrodes 8 in the semiconductor 
device 10. Connecting the contact pads 32 to the through 
electrodes 8 (the power-supply through electrodes 8a, the 
signal-routing through electrodes 8c, etc.) with intervening 
bumps 25 establishes electrical connections between the 
through electrodes 8 in the semiconductor device 10 and 
the bare contact pads 32 on the back of the interposer 
substrate 30. Thus, the device region on the semiconductor 
chip 1 is electrically connected to the external lead 
electrodes 31 which can be further connected to, for 
example, a power supply for a printed circuit board (not 
shown in the figure). 

It is presumed in the above description that the 
through electrode 8 in the semiconductor device 10 is 
connected to the interposer substrate 30 beneath it via the 
bump 25; alternatively, for example, wires may be 
connected to the front surface of the through electrodes 8. 
In the present embodiment, the interposer substrate 
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30 is used as a relay between the semiconductor device 10 
and a circuit board (not shown in the figure). The pitch of 
the electrode pads 7 on the semiconductor device 10 is 
small, and does not match that of the electrodes on a 
circuit board or a mother board. The interposer substrate 
30 acts to convert the pitch. In addition to the pitch 
conversion for the electrode pads 7 on the semiconductor 
device 10, the interposer substrate 30 plays another role in, 
for example, alleviating stress between the semiconductor 
device 10 and the circuit board (not shown in the figure). 

Reducing the chip size of the semiconductor device 10 
to a minimum is an important cost-cutting factor; therefore, 
normally, the through electrodes 8 are preferably as small 
as possible. 

In the present embodiment, the signal-routing 
through electrode 8c measures 10 urn on each side, and 
the semiconductor device 10 is made as thin as 50 urn, to 
achieve compactness and slimness. The original 
semiconductor wafer 11 (detailed later) is about 600-700 
urn in thickness. It is polished down generally to a 
thickness of about 300-400 um and for some recent CSP 
(chip size package) and other applications, to a thickness 
of about 150-200 um. 

However, the power supply terminal and the ground 
terminal must conduct relatively large electric current 
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when compared to the signal terminal. It is therefore 
preferred if the former have as low line resistance as 
possible; otherwise, they may cause excessive voltage drop, 
heat, signal delay, etc. Consequently, it is preferred if 
either the power-supply through electrode 8a or the 
grounding through electrode 8b, connected respectively to 
the power supply terminal and the ground terminal, has an 
increased cross-sectional area of twice to five times that of 
the signal-routing through electrode 8c connected to the 
signal terminal. 

In the present embodiment, to lower the resistance of 
the power supply and ground terminals, the power-supply 
through electrode 8a and the grounding through electrode 
8b, connected respectively to the power supply terminal 
and the ground terminal, are designed to have a 
cross-sectional area measuring 20 um on each side, which 
is greater than the cross-sectional area of the signal 
terminal. 

The design lowers the line resistance of the power 
supply and ground terminals conducting large electric 
current, hence alleviating heating and signal delay. 

The foregoing description presumes that the through 
electrodes 8 are all connected to the electrode pads 7 on 
the semiconductor chip 1; an alternative example is shown 
in Figure 3 where some of the through electrodes 8 are 
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connected to the electrode pads 7 on the semiconductor 
chip 1 and redesignated as contact through electrodes 18, 
and the rest is not connected to the electrode pads 7 and 
redesignated as non-contact through electrodes 19. 

The formation of the non-contact through electrodes 
19 in the semiconductor device 10 as in the foregoing is 
advantageous in that the non-contact through electrodes 
19 provides heat generated in the semiconductor device 10 
exit paths to the interposer substrate 30 or another 
substrate. Other uses of the non-contact through 
electrodes 19 will be detailed later in embodiment 2. 

Now, referring to Figure 4 through Figure 7, a 
manufacturing method will be described for the 
semiconductor device 10 with the contact through 
electrodes 18 and the non-contact through electrodes 19. 
The description will mainly focus on the formation method 
of the through electrodes 8. 

First, refer to Figure 4(a) showing the cross-sectional 
structure of the silicon (Si) semiconductor wafer 11 near 
the electrode pads 7. 

In Figure 4(a), a silicon dioxide (Si0 2 ) thermal oxide 
film 12 is formed on the surface of the silicon (Si) 
semiconductor wafer 11. On the film 12 are formed the 
electrode pads 7 made of a metal, primarily aluminum (Al) 
for example. Further, the surface of the thermal oxide film 
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12 and the electrode pads 7 are protected with a silicon 
dioxide (Si0 2 ) insulating film (oxide film) 13. The surface 
insulating film 13 is, for example, 0.7 um thick on the 

electrode pads 7. 

Apply a photoresist 14 to the semiconductor wafer 11 
with openings where the through electrodes 8 will be 
formed. The size of these openings in the photoresist 14 
will be equal to that of the through electrodes 8. Attention 
should be paid where necessary: e.g., some openings must 
be large in size to accommodate terminals conducting large 
electric current, those provided for extended length 
interconnects, and others which are required to have low 
resistance. In the related figures here, all the openings are 
drawn in the same size for the purpose of illustrating an 
example of how the through electrodes 8 are formed. 

Moving on to Figure 4(b), the insulating film 13, the 
electrode pads 7, and the thermal oxide film 12 the surface 
are removed by dry etching, using the photoresist 14 as a 
mask. The silicon (Si) for the semiconductor wafer 11 is 
now exposed. 

Next, referring to Figure 4(c), the photoresist 14 is 
removed, and the silicon (Si) for the semiconductor wafer 
11 is dry etched to a predetermined depth using the 
insulating film 13 as a mask. In the present embodiment, 
the silicon was etched down to, for example, a depth of 70 
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Vim. In the etching step, the insulating film 13 used as a 
mask is also etched. 

The dry etching machine we used had a silicon 
dioxide (Si0 2 ) versus silicon (Si) selectivity of about 1:100; 
the electrode pads 7 become exposed by specifying the 
insulating film 13 to have a 0.7-um thickness on the 
electrode pads 7 and etching the silicon (Si) for the 
semiconductor wafer 11 down by 70 um. By hence 
adjusting the thickness of the insulating film 13 used as a 
mask by means of the selectivity and etching the silicon 
(Si) for the semiconductor wafer 1 1 to a desired depth, the 
electrode pads 7 can become exposed. 

Moving to Figure 5(a), an oxide film 15 is formed on 
the inside walls of the holes and on the surface of the 
electrode pads 7 and the insulating film 13. The oxide film 
15 is formed in this manner to provide insulation to the 
silicon (Si) when conductive bodies are formed in the holes 
in a later step. In the present embodiment, to form the 
oxide film 15 on the inside walls of the deep holes, a TEOS 
(tetraethylorthosilicate) oxide film is formed by CVD 
(Chemical Vapor Deposition). This time, the oxide film 15 
was formed with a thickness of, for example, about 1 um 
on the inside walls. The TEOS oxide film refers to the oxide 
film formed on silicon (Si) using TEOS which is a liquid 
source used in CVD of silicon dioxide (SiQ 2 ). 
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Next, as shown in Figure 5(b), those parts 19a where 
the non-contact through electrodes 19 will be formed are 
covered with a dry film resist 16. In that state, the oxide 
film 15 is dry etched by RIE (Reactive Ion Etching) as 
shown in Figure 5(c). Dry etching is anisotropic, and the 
inside walls of the holes are hardly etched. Only the oxide 
film 15 on the surface is etched, so that those electrode 
pads 7 become exposed which are found in those parts 18a 
where the contact through electrodes 19 will be formed. 

The dry film resist 16 is not a liquid photoresist, but 
refers to a photoresist film in which a resist material is 
sandwiched between a polyester cover sheet and a 
polyethylene separator sheet. The separator sheet is peeled, 
and the rest is attached (laminated) to an object and 
exposed to light. After the exposure, the cover sheet is 
peeled, and the remaining part is developed. 

RIE is an etch step whereby gas is made into a 
plasma state by an electric or magnetic field in a chamber 
(chemical reaction chamber) and a directional reactive ion 
species is used. Sputtering which progresses 
simultaneously with chemical reactions facilitates the 
formation of vertical cross-sectional shapes free from 
sideways etching, and is suitable for fine pattern 
fabrication. 

Referring now to Figure 5(d), a seed layer 17 for 
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electroplating implemented in a later step is formed over 
the entire surface of the wafer. In the present embodiment, 
the seed layer 17 includes two layers, TiN/Cu, both formed 
by sputtering. The seed layer 17 refers in the example 
above to the TiN/Cu current-feeding metal for 
electroplating use. Plating grows when the current-feeding 
metal feeds electricity. 

Referring now to Figure 6(a), copper 20 is 
electroplated to fill in the holes. 

Referring now to Figure 6(b), the electroplated copper 
20 and the TiN/Cu forming the seed layer 17 are removed 
from the wafer surface by CMP. 

Referring now to Figure 6(c), the silicon (Si) on the 
back of the semiconductor wafer 1 1 is ground to reduce its 
thickness to a desired level. In the present embodiment, 
the silicon was ground down to a 50-um thickness across 
the whole wafer. The grinding exposes the electroplated 
copper 20 which will be fabricated into the contact through 
electrodes 18 and the non-contact through electrodes 19. 
After the grinding of the back of the semiconductor wafer 
11, if necessary, the silicon (Si) may be etched using a 
chemical solution or plasma to smooth the ground surface. 

To protect the semiconductor wafer 1 1 during the 
grinding of the back of the semiconductor wafer 11, a 
support board made of, for example, quartz glass may be 
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attached to the surface of the semiconductor wafer 11 
opposite to the wafer using an adhesive agent and removed 
after implementation of all steps. 

Next, a process will described which forms protrusion 
electrodes on the back of the wafer. 

Referring to Figure 7(a), an oxide film 15 is formed 
over the entire back surface of the wafer by CVD. After the 
application of the photoresist 21, as shown in Figure 7(b), 
those parts 18a and 19a are opened where the contact 
through electrodes 18 and the non-contact through 
electrodes 19 will be formed respectively. Then, using the 
photoresist 21 as a mask, the oxide film 15 is removed 
from the back of the semiconductor wafer 1 1 by dry etching 
to expose the electroplated copper 20, i.e., the contact 
through electrodes 18 and the non-contact through 
electrodes 19. Thereafter, the photoresist 21 is removed. 
Referring now to Figure 7(c), TiW/Cu are provided on the 
back of the wafer by sputtering, as a seed metal 22 for use 
in the formation of bumps by plating. Referring now to 
Figure 7(a), with areas exposed where bumps will be formed 
by plating, a photoresist layer 23 is formed, and gold 24 is 
electroplated. Referring now to Figure 7(e), the photoresist 
layer 23 is removed, and the seed metal 22 removed by 
etching using the electroplated gold 24 as a mask, to 
obtain a semiconductor device 10 provided with the contact 
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through electrodes 18 and the non-contact through 
electrodes 19 complete with the electroplated gold 24 as 
bumps 25. 

The etching of the seed metal 22 is done as follows. 
First, the copper (Cu) is etched using, for example, 
Alkaetching Solution (product name) available from 
Yamato-ya Shoukai or a mixed solution of hydrochloric acid 
and ferric chloride, and then the TiW is etched using, for 
example, an aqueous solution of peroxide hydrogen or a 
mixed solution of an aqueous solution of peroxide hydrogen, 
ammonia water, and EDTA. 

Apart from these methods, various methods are 
suggested as to the formation of the bumps 25, the contact 
through electrodes 18, and the non-contact through 
electrodes 19. These members are not necessarily formed 
by the methods described in the present embodiment. For 
example, as shown in Figure 8, the bumps 25 on the back 
of the wafer may be formed by wiring (wire bumps 25a), 
rather than by plating. The wire bumps 25a are formed on 
the electroplated copper 20 after the step shown in Figure 
7(b). 

For the semiconductor device 10 in the present 
embodiment, the through electrodes 8 are not necessarily 
formed by the previous method; alternatively, for example, 
those methods can be applied which are described in 
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Japanese Patent 3186941, Japanese Published Unexamined 
Patent Application 10-223833 (Tokukaihei 

10-223833/1998), and US Patent 6,184,060. 

The method described in Japanese Patent 3186941 
forms openings for the through electrodes from the back 
side of the silicon (Si) substrate. According to the method, 
the through electrodes 8 can be made with differing 
cross-sectional areas by changing the size of the openings 
in the photoresist on the back of the silicon (Si) substrate. 

According to the method described in Japanese 
Published Unexamined Patent Application 10-223833 
(Tokukaihei 10-223833/1998), the through electrodes 8 
can be made with differing cross-sectional areas by- 
changing the size of the openings in the silicon dioxide 
(Si02) mask pattern. 

According to the method described in US Patent 
6,184,060, the through electrodes 8 can be made with 
differing cross-sectional areas by changing the size of the 
openings in the aluminum (Al) mask. 

As in the foregoing, in the semiconductor device 10 in 
the present embodiment, the through electrodes 8 have 
mutually differing cross-sectional areas. Increasing the 
cross-sectional areas for those through electrodes 8 for the 
terminals required to conduct large electric current reduces 
the resistance of the through electrodes 8, and alleviates 
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heating, delay, etc. 

Hence, the semiconductor device 10 can be provided 
which is capable of preventing the electrodes' resistance 
from developing excessive voltage drop, heat, delay, and 
loss, and also from varying from one electrode to the other. 

In addition, in the semiconductor device 10 in the 
present embodiment, increasing the cross-sectional areas 
for those contact through electrodes 18, electrically 
connected to the device region via the electrode pads 7 on 
the semiconductor chip 1, for the terminals required to 
conduct large electric current helps efficient operation of 
the semiconductor chip 1. 

In addition, in the semiconductor device in the 
present embodiment, at least one type of the through 
electrodes 8 is the non-contact through electrodes 19 
which are not electrically connected to the device region via 
the electrode pads 7 on the semiconductor chip 1. 

Therefore, the heat generated in the semiconductor 
device 10 can be discharged outside via the non-contact 
through electrodes 19. 

In addition, in the semiconductor device 10 in the 
present embodiment, the cross-sectional areas of the 
through electrodes 8 are increased according to the value 
of the electric current passing through the through 
electrodes 8; therefore, increasing the cross-sectional areas 
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for those through electrodes 8 for the terminals required to 
conduct large electric current reduces the resistance of the 
through electrodes 8, and alleviates heating, delay, etc. 
Variations in resistance between terminals can also be 
reduced. 

The ground and power supply terminals of the 
semiconductor chip 1 conduct relatively large electric 
current when compared to the signal terminal. 

As to this point, in the present embodiment, the 
power-supply through electrode 8a connected to either the 
ground or power supply terminal of the semiconductor chip 
1 is formed with a greater cross-sectional area than the 
signal-routing through electrode 8c connected to the signal 
terminal. 

Therefore, increasing the cross-sectional areas for the 
power-supply through electrodes 8a for the ground 
terminals or power supply terminals of the semiconductor 
chip 1 required to conduct large electric current reduces 
the resistance of the power-supply through electrodes 8a, 
and alleviates heating, delay, etc. Variations in resistance 
between terminals can also be reduced. 



[Embodiment 2] 

The following will describe another embodiment of the 
present invention with reference to Figure 9. For 
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convenience, members of the present embodiment that have 
the same arrangement and function as members of 
embodiment 1, and that are mentioned in that embodiment 
are indicated by the same reference numerals and 
description thereof is omitted. 

The present embodiment will describe a chip-stack 
semiconductor device which includes multiple in general 
and two in particular stacked semiconductor chips of the 
semiconductor device 10 of embodiment 1. 

Referring to Figure 9, the chip-stack semiconductor 
device 40 of the present embodiment includes an interposer 
substrate 30 on which are sequentially stacked two 
semiconductor chips 1: a semiconductor chip la and a 
semiconductor chip lb. In an example of this kind of 
chip-stack semiconductor device 40, the semiconductor 
chip la is a logic memory, and the semiconductor chip lb 

is a flash memory. 

In the chip-stack semiconductor device 40 thus 
arranged are there provided through electrodes 8 along the 
periphery of the semiconductor chips la, lb. Figure 3 only 
shows the structure of the periphery of the semiconductor 
chips la, lb and the interposer substrate 30. 

Of the through electrodes 8, for example, 
signal-routing through electrodes 8c are provided along the 
periphery of the semiconductor chips la, lb at the same 



- 26 - 

surface positions. Power-supply through electrodes 8a are 
provided along the periphery of the lower semiconductor 
chip la, but somewhat inside the signal-routing through 
electrodes 8c. Further inside the power-supply through 
electrodes 8a at the same surface positions on the 
semiconductor chips la, lb are there provided, for example, 
power-supply through electrodes 8a. Further inside the 
power-supply through electrodes 8a are there provided, for 
example, signal-routing through electrodes 8c at the same 
surface positions on the semiconductor chips la, lb. 

According to the arrangement of the chip-stack 
semiconductor device 40, on the upper semiconductor chip 
lb, there are provided electrode pads 7 made of a metal, 
primarily aluminum (Al) for the signal-routing through 
electrodes 8c, the power-supply through electrodes 8a, and 
the signal-routing through electrodes 8c which are 
arranged in this order from the periphery of the chip lb. 
Electrode pads 7 made of a metal, primarily aluminum (Al) 
are also formed for the second left power-supply through 
electrode 8a and the fourth left signal-routing through 
electrode 8c in the figure on the lower semiconductor chip 
la. 

In contrast, no electrode pads 7 are formed for the 
leftmost signal-routing through electrode 8c or the third 
left power-supply through electrode 8a on the lower 
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semiconductor chip la, which are present simply to 
connect the through electrodes 8 in the upper layer to the 
interposer substrate 30. In the present embodiment, those 
through electrodes 8 which are disposed merely to connect 
the through electrodes 8 in the upper layer to the 
interposer substrate 30 are referred to as the non-contact 
through electrodes 18. More specifically, the non-contact 
through electrode 18 is a kind of through electrode 8 made 
through the semiconductor chip 10; it is not electrically 
connected to the semiconductor chip 1 via electrode pads 7, 
but provides an insulated electrical path through the 
semiconductor chip 1. 

In contrast, electrode pads 7 made of a metal, 
primarily aluminum (Al) are formed for the signal-routing 
through electrode 8c, the power-supply through electrode 
8a, and the signal-routing through electrode 8c on the 
upper semiconductor chip lb, as well as the second left 
power-supply through electrode 8a and the fourth left 
signal-routing through electrode 8c on the lower 
semiconductor chip la. Through the electrode pads 7, 
these electrodes are all connected to the semiconductor 
chip 1 and therefore referred to as the contact through 
electrodes 19. 

In the chip-stack semiconductor device 40, the 
signal-routing through electrode 8c connected to the 
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electrode pad 7 on the upper semiconductor chip lb is 
connected via the signal-routing through electrode 8c to 
the lower semiconductor chip la and the external lead 
electrode 31 on the interposer substrate 30. 

The power-supply through electrode 8a connected to 
the electrode pad 7 on the upper semiconductor chip lb is 
electrically connected to the non-contact through electrode 
19 on the lower semiconductor chip la and further to the 
interposer substrate 30. The electrode 8a is further 
connected to the external lead electrode 31. 

The rightmost signal-routing through electrode 8c 
connected to the electrode pad 7 on the upper 
semiconductor chip lb is electrically connected to the 
contact through electrode 18 on the lower semiconductor 
chip la and further to the interposer substrate 30. The 
electrode 8c is further connected to the external lead 
electrode 31. As discussed in the foregoing, when the 
electrodes through the upper semiconductor chip lb and 
those through the lower semiconductor chip la conduct the 
same signals, this configuration can be taken. 

The power-supply through electrode 8a, which is the 
second left through electrode 8, connected to the electrode 
pad 7 on the lower semiconductor chip la is connected to 
the interposer substrate 30 and further to the external lead 
electrode 31. When adjacent semiconductor chips 1 are 
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connected or the semiconductor chip la is connected to a 
substrate such as the interposer substrate 30, this 
configuration is taken. Although not shown in the figure, a 
similar configuration is taken when the through electrodes 
8 on the upper semiconductor chip lb are connected only 
to the lower semiconductor chip la. 

Reducing the size of the semiconductor chips la, lb 
in the chip-stack semiconductor device 40 to a minimum is 
an important cost-cutting factor; therefore, normally, the 
power-supply through electrodes 8a and the non-contact 
through electrodes 19 are preferably as small as possible. 

in the present embodiment, the power-supply through 
electrode 8a and the non-contact through electrode 19 
measure 10 um on each side, and the semiconductor chips 
la, lb are as thin as 50 um, to achieve compactness and 
slimness. 

However, the power supply terminal and the ground 
terminal must conduct relatively large electric current 
when compared to the signal terminal. It is therefore 
preferred if the former have as low line resistance as 
possible; otherwise, they may cause excessive voltage drop, 
heat, signal delay, etc. Consequently, it is preferred if the 
through electrode 8 connected to both the power supply 
terminal and the ground terminal has a cross-sectional 
area three to five times that of the through electrode 8 



- 30 - 

connected to the signal terminal. 

In the present embodiment, to lower the resistance of 
the power supply and ground terminals, the through 
electrode 8 connected to the power supply terminal and the 
ground terminal is designed to have a cross-sectional area 
measuring 20 um on each side, which is greater than the 
cross-sectional area of the signal terminal. So is the 
non-contact through electrodes 19, to provide an electrical 
path through these terminals. 

The design lowers the line resistance of the power 
supply and ground terminals conducting large electric 
current, hence alleviating heating and signal delay. 

A specific purpose of the through electrode 8 is as 
follows. The rightmost signal-routing through electrode 8c 
in the figure is an electrode for an addressing bus/data 
bus. The second right power-supply through electrodes 8a 
in the figure are electrodes for flash memory high voltage. 
The third right power-supply through electrode 8a in the 
figure is a logic electrode. The leftmost signal-routing 
through electrode 8c in the figure is a chip select electrode. 

As discussed in the foregoing, in the chip-stack 
semiconductor device 40 of the present embodiment, 
multiple (two) semiconductor chips 1 described in 
embodiment 1 are stacked. 

Therefore, the area of the through electrode 8 
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required to connect over an extended length connect can be 
increased in accordance with the length. This reduces the 
resistance of the through electrode 8 and alleviates voltage 
drop, heat, delay, and loss. Variations in resistance 
between terminals can also be reduced. 

Further, the switching of some of the through 
electrodes 8 to the non-contact through electrodes 19 
which are not connected to the semiconductor chip 1 
allows electric current to run from the upper 
semiconductor chip lb through to the lower semiconductor 
chip la. 

[Embodiment 3] 

The following will describe another embodiment of the 
present invention with reference to Figure 10. For 
convenience, members of the present embodiment that have 
the same arrangement and function as members of 
embodiments 1, 2, and that are mentioned in that 
embodiment are indicated by the same reference numerals 
and description thereof is omitted. 

The present embodiment will describe a chip-stack 
semiconductor device which includes multiple in general 
and five in particular semiconductor chips 1 of embodiment 
1 stacked on top of each other. 

Referring to Figure 10, a chip-stack semiconductor 
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device 50 of the present embodiment includes an interposer 
substrate 30 on which are sequentially stacked five 
semiconductor chips 1: a first semiconductor chip la, a 
second semiconductor chip lb, a third semiconductor chip 
lc, a fourth semiconductor chip Id, and a fifth 
semiconductor chip le. 

The figure shows that interconnect lines are longer 
from the uppermost, fifth semiconductor chip le down to 
the external lead electrodes 31 on the interposer substrate 
30 than from the lowermost, first semiconductor chip la 
down to the external lead electrodes 31 on the interposer 
substrate 30. 

In the chip-stack semiconductor device 40 described 
in embodiment 2 where the vertically adjacent 
semiconductor chips 1 are connected via the through 
electrodes 8, all lines measure the same in length, causing 
no problems. However, for example, when as in the 
chip-stack semiconductor device 50 of the present 
embodiment, the electrode pads 7 on the fifth 
semiconductor chip le are connected to the external lead 
electrodes 31 on the interposer substrate 30 or the fifth 
semiconductor chip le is connected to the through 
electrodes 8 in the first semiconductor chip la, the lines 
become extended, and their resistance increased, causing 
signal delay, heating, and other problems. Therefore, in 
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these cases, the line resistance is preferably reduced to a 
minimum value possible and varies from line to line as 
little as possible. 

Accordingly, in the present embodiment, to eliminate 
variations of resistance between those through electrodes 8 
which connect adjacent semiconductor chips 1 and those 
which extend through at least one semiconductor chip 1 for 
connection, the cross-sectional areas of the through 
electrodes 8 are adjusted. More specifically, the through 
electrodes 8 are formed to have a large cross-sectional area 
according to the interconnect line length through the 
multiple stacked semiconductor chips 1. 

To generalize the concept, the through electrode 8 
connecting n+1 or more adjacent semiconductor chips 1 (n 
is an integer more than or equal to 2) is formed to have a 
greater cross-sectional area than the through electrode 8 
connecting n adjacent semiconductor chips 1 (n is an 
integer more than or equal to 2). 

Specifically, in the present embodiment, to stack 
semiconductor chips 1 of the same thickness, the through 
electrode 8 connecting two adjacent semiconductor chips 1 
is formed with a cross-sectional area twice that of the 
through electrode 8 when only one semiconductor chip 1 is 
involved; the through electrode 8 connecting three adjacent 
semiconductor chips 1 is formed with a cross-sectional 
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area three times that of the through electrode 8 when only 
one semiconductor chip 1 is involved; the through electrode 
8 connecting four adjacent semiconductor chips 1 is formed 
with a cross-sectional area four times that of the through 
electrode 8 when only one semiconductor chip 1 is 
involved; and the through electrode 8 connecting five 
adjacent semiconductor chips 1 is formed with a 
cross-sectional area five times that of the through electrode 
8 when only one semiconductor chip 1 is involved. 

Now referring to Figure 10 for more specific 
description, each semiconductor chip 1 is specified to have 
a thickness of 50 um. When only the first semiconductor 
chip la is connected to the interposer substrate 30, the 
through electrode 8 (the rightmost one in Figure 10) is 
specified to have a cross-sectional area of 100 um 2 . 

To connect adjacent two semiconductor chips, i.e. the 
second and third semiconductor chips lb, lc, the through 
electrode 8 (the second right one in Figure 10) is specified 
to have a cross-sectional area of 200 um 2 . To connect 
adjacent three semiconductor chips, i.e., the third, fourth, 
and fifth semiconductor chips lc, Id, lc, the through 
electrode 8 (the third right one in Figure 10) is specified to 
have a cross-sectional area of 300 um 2 . 

To connect adjacent four semiconductor chips, i.e., 
the first, second, third, and fourth semiconductor chips la, 
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lb, lc, Id, the through electrode 8 (the fourth right one in 
Figure 10) is specified to have a cross-sectional area of 400 
um 2 . 

To connect adjacent five semiconductor chips, i.e., the 
first through fifth semiconductor chips la through le,the 
through electrode 8 (the fifth right one in Figure 10) is 
specified to have a cross-sectional area of 500 um 2 . 

Therefore, in the present embodiment, the through 
electrode 8 is specified to have a cross-sectional area which 
is in proportion to the interconnect line length through the 
multiple stacked semiconductor chips 1. The resistance 
values of the through electrodes 8 are thereby made 
uniform. 

When semiconductor chips 1 with various thicknesses 
are stacked, the proportional relationship between the 
length and the cross-sectional area of the through electrode 
8 alleviates variations in resistance from one terminal to 
the other, and reduces the resistance value of extended 
lines. 

Further, forming power supply terminals, ground 
terminals, etc. with a large cross-sectional area alleviates 

heating, signal delay, etc. 

As discussed in the foregoing, in the chip-stack 
semiconductor device 50 of the present embodiment, the 
through electrode 8 connecting n+1 or more adjacent 
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semiconductor chips 1 (n is an integer more than or equal 
to 2) is formed to have a greater cross-sectional area than 
the through electrode 8 connecting n adjacent 
semiconductor chips 1 (n is an integer more than or equal 
to 2). 

For this reason, the cross-sectional area of the 
through electrode 8 can be increased in accordance with 
the interconnect line length. 

Further, in the chip-stack semiconductor device 50 of 
the present embodiment, the through electrode 8 is formed 
to have a large cross-sectional area in accordance with the 
interconnect line length through the multiple stacked 
semiconductor chips 1. Hence, the chip-stack 
semiconductor device 50 can be provided which is capable 
of preventing the resistance of the through electrodes 8 
from developing excessive voltage drop, heat, delay, and 
loss, and also from varying from one electrode to the other. 

In addition, in the chip-stack semiconductor device 
50 of the present embodiment, the through electrode 8 is 
specified to have a cross-sectional area which is in 
proportion to the interconnect line length through the 
multiple stacked semiconductor chips 1; therefore, the 
cross-sectional area can be readily determined. 

As in the foregoing, a semiconductor device in 
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accordance with the present invention is such that at least 
one type of the through electrodes is contact through 
electrodes electrically connected to the semiconductor chip. 

According to the invention, as to the contact through 
electrodes electrically connected to the semiconductor chip, 
increasing the cross-sectional areas of the through 
electrodes for the terminals required to conduct large 
electric current helps efficient operation of the 
semiconductor chip. 

Another semiconductor device in accordance with the 
present invention is such that in the foregoing 
semiconductor device, at least one type of the through 
electrodes is non-contact through electrodes not 
electrically connected to the semiconductor chip. 

According to the invention, as the through electrodes, 
non-contact through electrodes are provided which are not 
electrically connected to the semiconductor chip. 

Therefore, the heat generated in the semiconductor 
device can be discharged outside via the non-contact 
through electrodes. 

Another semiconductor device in accordance with the 
present invention is such that in the foregoing 
semiconductor device, the cross-sectional areas are 
increased according to a magnitude of an electric current 
via the through electrodes. 
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According to the invention, increasing the 
cross-sectional areas of the through electrodes for 
terminals required to conduct large electric current reduces 
the resistance of the through electrodes and alleviates 
heating, signal delay, etc. Variations in resistance between 
terminals can also be reduced. 

Another semiconductor device in accordance with the 
present invention is such that in the foregoing 
semiconductor device, the cross-sectional areas of those 
through electrodes which are connected to a ground 
terminal or a power supply terminal of the semiconductor 
chip are greater than the cross-sectional areas of those 
through electrodes which are connected to a signal 
terminal. 

More specifically, in the semiconductor chip, the 
ground terminal or the power supply terminal conduct 
greater electric current than the signal terminal. 

As to this point, in the present invention, the through 
electrodes connected to either the ground terminal or the 
power supply terminal of the semiconductor chip are 
formed with greater cross-sectional areas than the through 
electrodes connected to the signal terminal. 

Therefore, increasing the cross-sectional areas of the 
through electrodes for the ground terminal or the power 
supply terminal of the semiconductor chip required to 
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conduct large electric current reduces the resistance of the 
through electrodes and alleviates heating, signal delay, etc. 
Variations in resistance between terminals can also be 
reduced. 

A chip-stack semiconductor device in accordance with 
the present invention is such that in the foregoing 
chip-stack semiconductor device, the cross-sectional areas 
of those through electrodes which connect n+1 or more 
adjacent semiconductor chips are greater than the 
cross-sectional areas of those through electrodes which 
connect n adjacent semiconductor chips, where n is an 
integer more than or equal to 2. 

According to the invention, the combined 
cross-sectional area of the through electrodes becomes 
larger in accordance with the number of stacked, 
interconnected semiconductor chips. 

Therefore, the cross-sectional areas of the through 
electrodes can be increased in accordance with the 
interconnect line length. This reduces the resistance of the 
electrodes and alleviates voltage drop, heat, delay, and 
loss. 

Another chip-stack semiconductor device in 
accordance with the present invention is such that in the 
foregoing chip-stack semiconductor device, the 
cross-sectional areas are increased according to an 
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interconnect line length through the multiple stacked 
semiconductor chips. 

According to the invention, a chip-stack 
semiconductor device can be offered which is capable of 
readily preventing the electrodes' resistance from 
developing excessive voltage drop, heat, delay, and loss, 
and also from varying from one electrode to the other. 

Another chip-stack semiconductor device in 
accordance with the present invention is such that in the 
foregoing chip-stack semiconductor device, the 
cross-sectional areas are increased in proportion to an 
interconnect line length through the multiple stacked 
semiconductor chips. 

According to the invention, the cross-sectional areas 

can be readily determined. 

The invention being thus described, it will be obvious 
that the same way may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the 
following claims. 



